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The occurrence of three or more consecutive detectable pregnancy losses on or before 20 weeks of gestation or the loss of three consecutive fetuses is usually known as recurrent abortion.\[[@ref1]\] Recurrent pregnancy loss (RPL) or miscarriages affects approximately 10%--15% couples of all clinically recognized pregnancies.\[[@ref2]\] There are several etiological factors considered for recurrent abortion, including chromosomal anomalies, other genetic and nongenetic factors. Most of the miscarriages are spontaneous but nonrecurrent. Hence, it is estimated that more pregnancies are lost spontaneously than are actually carried to full term.\[[@ref2]\]

Worldwide, the couples suffering from recurrent abortions due to chromosomal abnormalities have been found to be 2%--8%.\[[@ref3]\] It has also been reported that 50%--60% spontaneously aborted product of conception have chromosomal anomalies.\[[@ref3]\] Most of the chromosomal abnormalities in recurrent abortions have been noted due to abnormal chromosomal segregation during parental gametogenesis and parents carrying balanced reciprocal translocation.\[[@ref2]\] Moreover, unbalanced translocations account for approximately 1% of spontaneous miscarriages. Most of the miscarriages are random and nonrecurrent and are caused by the segregational error in zygote formation.\[[@ref4]\] In case of recurrent abortions, one of the parents is a carrier having balanced chromosomal rearrangement producing unbalanced gametes which increase the risk of recurrent abortion, malformed baby, or sterility in a couple.\[[@ref5]\] Chromosomal aneuploidy in the embryo is another common cause of abortion. Trisomies of chromosome 13, 18, and 21 are the common chromosomal aneuploidies followed by X chromosome monosomy (45, X).\[[@ref6]\] Translocation makes structural rearrangements of the chromosome of different composition, and the chromosomes are stable chromosome. Chromosomal abnormalities in the couple are considered to be strong etiologies for recurrent abortions. Thus, parental karyotyping is recommended to assess the genetic cause of recurrent pregnancy losses.\[[@ref7]\] Some researchers advocated that prenatal genetic diagnosis would be a useful test, and the test may highlight some clues for couples with a history of recurrent abortions.\[[@ref8]\] It has been noted that abnormal aneuploid gametes, fertilization, or nondisjunction of chromosomes during mitotic cell division in postzygotic stage cause abnormal fetuses and increase chance of abortion randomly.\[[@ref6]\] Consanguineous marriages also significantly increase the incidence of inherited recessive disorders and cause some reproductive and developmental health problems. In addition to these, consanguineous marriages also promote recurrent pregnancy loss.\[[@ref9]\] Heteromorphisms of chromosome 1, 9, 16, and Y has been studied by some researchers in relation to RPL, but still, it was difficult to significantly correlate it with recurrent abortion.\[[@ref10]\]

Recurrent abortions make the couples feel guilty and mentally depressed. Until date, routine chromosomal analysis of couples or aborted materials has not become regular practice for proper management of recurrent abortion. In this retrospective study, we evaluate the frequencies of chromosomal abnormalities in couples suffering from recurrent abortions. This data will be helpful to the clinicians in the context of recurrent abortions and chromosomal abnormalities for proper genetic counseling to the reproductive failure or affected couples and also to make a national database in relations of chromosomal anomalies and recurrent abortions.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

The study was carried out among 172 couples for the last 18 years (2000--2017) with clinically diagnosed recurrent abortions. The couples with recurrent abortions visiting the Department of Obstetrics and Gynecology of our institute were referred to our cytogenetic laboratory for karyotyping. Most of the couples encountered with three abortions and four or five abortions were noted in a few couples. Complete case histories of both male and female partners were recorded. The case history covered family history, reproductive failure details, medication during pregnancy, laboratory investigation reports, and a pedigree chart to assess any history of hereditary disease and consanguinity.\[[@ref11]\] The age of the female partners ranges from 19 to 41 years (mean and standard deviation \[SD\]: 25.6 ± 4.61), and age of the male partners ranges from 22 to 49 years (mean age and SD: 31.2 ± 5.71). For each, whole peripheral blood culture was set up using our standard lymphocytes culture and harvesting protocol.\[[@ref12]\] Giemsa-trypsin G-banding preparation had been used to G-band karyotyping for chromosomal identification. A minimum number of 50 metaphases were scanned, and microphotography was done for routine karyotyping. Karyotype of metaphase chromosomes was done, and cytogenetic abnormalities were noted as per the guidelines provided by the international system for human cytogenetics nomenclature.\[[@ref13]\]
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A total of 172 couples with a history of three or more repeated miscarriages were included in this study. The mean age of the female partner was 25.6 years (19--41), and the male partners were 31.2 years (22--49). The mean number of miscarriages was 4.04 ranging from 3 to 7 in individuals having chromosomal abnormalities. In the present study, all females were nonsmoker and nonalcoholic. However, the percentage of tobacco chewing in males was high, and about 20% of men were alcoholic. It was observed that 41.27% of women had toxoplasmosis, rubella, cytomegalovirus, and herpes simplex infection (TORCH), while 8.13% of women showed endocrinal problems. Consanguineous marriages were found in 13.95% of couples among the study population. Among 172 couples (344 individuals), chromosome abnormalities were detected in 17 couples (9.88%). In other words, 4.94% (17/344) of individuals or 9.88% (17/172) of couples were affected. Details of chromosomal abnormalities of both partners are shown in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.
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Abnormal cytogenetic findings in couples with recurrent abortions
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Frequency and types of chromosomal aberration in male and female partners
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Among 17 couples, 15 (88.23%) showed structural aberration whereas 2 (11.76%) carried numerical abnormalities. Out of 17 cases, 8 (47.05%) had balanced translocation, 2 (11.76%) had the Robertsonian translocation, 5 (29.41%) had the inversion of chromosome 8, 9, or inversion Y, and two cases (11.76%) showed sex chromosome numerical aberration. Of the 172 couples, 17 individuals showed abnormal karyotypes, 13 (7.55%) were female, and 4 (2.32%) were male. Thus, there was an increased frequency of chromosomal aberration in females as compared to males \[[Table 2](#T2){ref-type="table"}\]. Among eight individuals with reciprocal translocation, five were seen in females \[[Figure 1](#F1){ref-type="fig"}\], and the remaining three reciprocal translocations were observed in male partners. The only two Robertsonian translocations had been detected due to the translocation between D and G group of chromosome involving 14, 21 and 13; and 21 \[[Figure 2](#F2){ref-type="fig"}\] chromosomes in female only. Among five cases of inversion, three were observed in chromosome 9, one was found in chromosome 8, and Y in a male partner. Two female cases were noted with numerical sex chromosome anomalies, one with karyotype (47, XXX) and another one with karyotype (46, XX/45, and X).

![Female karyotype showing translocations 46, XX, and t(5q; 10q) (q34; q11)](JHRS-11-247-g003){#F1}

![Female karyotype showing Robertsonian translocations 45, XX, and rob(13q; 21q)](JHRS-11-247-g004){#F2}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Clinically, three or more consecutive pregnancy losses before 20 weeks of gestation are known as recurrent abortions. RPL is the most significant complication in the human reproductive life. Overall, RPL is about 10%--15% of all clinically recognized pregnancies.\[[@ref2]\] A number of etiologies, including genetic factors, are responsible for recurrent pregnancy loss. Various causative factors that have been involved in spontaneous abortions are uterine abnormalities, hormonal imbalance, immunological and hematological disorders, stress, parental genetic composition, and environmental factors.\[[@ref14][@ref15]\] Idiopathic spontaneous abortion in the first trimester, possibly, is due to chromosomal abnormalities, genomic instability, single-gene mutation, epigenetic changes, X-chromosome inactivation, and sperm chromosomal rearrangement.\[[@ref2][@ref16]\] There is increased severity of the recurrent abortions in the first trimester of gestation and are caused by fetal chromosomal aneuploidy.\[[@ref6]\] The genetic etiology for recurrent spontaneous abortion is due to fetal unbalanced chromosomal composition, which may be the result of one parent being a carrier for a balanced chromosomal translocation. Balanced translocations are responsible for 2%--5% of recurrent abortions. The carrier parent with a balanced translocation may face the problem of infertility and give birth to a malformed baby.\[[@ref7]\]

In the present study, 4.94% of individuals of the affected couples or 9.88% of couples were showing RPL due to chromosomal abnormalities. Our results showed an increasing number of chromosomal aberrations in females (7.5%) as compared to males (2.3%). Most of the studies have reported the predominance of chromosomal abnormalities in females,\[[@ref17][@ref18]\] and this is an agreement with our observation. All chromosomal aberrations observed in females have age \<35 years, and in the present study, average maternal age was 29 years who presented with chromosomal abnormalities. In some studies, it has been reported that increased maternal age was associated with more number of miscarriages.\[[@ref19]\] However, in this study, we could not find any such correlation with maternal age; however, increased numbers of abortions were seen in individuals with chromosomal abnormalities. Several studies reported different types of structural and numerical chromosomal anomalies in RPL, and the percentage of affected couples varies from 4% to 9%;\[[@ref20][@ref21][@ref22][@ref23][@ref24]\] however, a few reports suggested low percentages of affected couples \[[Table 3](#T3){ref-type="table"}\].\[[@ref25]\] Such variations may be due to differences in sample size, ethnicity, consanguinity, different geographical, cultural variation, perinatal infection, and variable criteria assigned for investigation of cases.\[[@ref26]\]
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Different studies on chromosomal abnormalities observed in couples with recurrent pregnancy loss
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In this study, increased incidence of chromosomal aberrations in females as compared to males (2.5:1) was seen. Previous studies had also shown a nearly equal incidence of chromosome aberration ratio in male and female.\[[@ref27]\] Carrier males with reciprocal translocation were supposed to have lower fertility rate because of poor motility of sperms with structural chromosomal aberrations, and those males showing abnormal semen profile with azoospermic or severe oligoasthenoteratozoospermia were associated with subfertility, infertility, and even sterility in males.\[[@ref3][@ref16]\] The structural abnormalities play an important role in the couple with recurrent abortions.\[[@ref7]\] Our study result showed that reciprocal translocation was most common (50%) and frequently involved chromosomal abnormalities in pregnancy loss, and chromosomes 1, 4, 5, 6, 7, 10, 13, 15, and 16 were involved in different reciprocal translocations \[[Table 1](#T1){ref-type="table"}\]. Robertsonian translocation was less frequent (7.1%) and was found in only two female partners involving chromosomes 13, 21 and 14, and 21. It is estimated that the risk of miscarriages in couples with Robertsonian translocation is approximately 25% whereas it is increased in reciprocal translocation up to 25%--50%.\[[@ref28]\] A carrier of Robertsonian translocation is phenotypically normal; however, there is a risk of unbalanced gametes which result in unbalanced offspring with recurrent abortion or down syndrome live baby.\[[@ref29]\] In the present study, we encountered the occurrence of pericentric inversion of chromosome 8, 9, and chromosome Y. Pericentric inversion on chromosome 9, which is common in humans, is considered to be a normal variant rather than an abnormal karyotype.\[[@ref30]\] In three cases, pericentric inversion of chromosome 9 occurred and in each one case of pericentric inversion of chromosome 8 and Y was detected \[[Table 2](#T2){ref-type="table"}\]. The risk of pregnancy loss with an inversion is not common as the inversion makes only structural changes but no loss or gain of genetic material. However, there are studies reporting an association of inversion 9 with subfertility, recurrent miscarriage, and abnormal phenotype.\[[@ref31]\] All three cases with pericentric inversion 9 had a history of recurrent spontaneous abortion. In each one case with inversion 8 and Y also had spontaneous recurrent abortion. This indicates the possibility of inversion having a role in the etiology of spontaneous abortion; however, this needs molecular explanation and confirmation. An increased tendency to early spontaneous abortion in familial pericentric inversions has been well documented.\[[@ref32]\]

Sex chromosome aneuploidy is usually encountered in the form of chromosomal aberrations in low frequency.\[[@ref6]\] Numerical aberration involving sex chromosome was involved in two female individuals, i.e. 14.3% (2/14), one case with trisomy X (47, XXX) and another case with X-chromosome mosaicism (46, XX/45, and X). Mostly, such women with abnormal genotype are infertile or subfertile. However, occasionally, they are fertile with RPL, and they might have the chance for a normal healthy child also.\[[@ref33]\] A number of studies advocated that heteromorphism of long arm (q) of chromosomes 1, 9, 16, and Y played a role in recurrent pregnancy loss.\[[@ref10][@ref34]\] Heteromorphism of the long arm (q) of chromosomes 1, 9 and 16, and Y were considered as factors associated with reproductive failure, and thus failures may be due to the fact that heterochromatin may contain hidden functional genes that regulate cellular roles in reproduction.\[[@ref35]\] Consanguineous marriage occurs between biologically related individuals who share a common ancestor.\[[@ref9]\] Researchers carried out some studies to evaluate the relationship between consanguineous marriages and recurrent pregnancy loss. Turki *et al*., in Saudi Arabia, depicted a significant correlation between consanguineous marriages and recurrent pregnancy loss.\[[@ref36]\] In another study the frequency of recurrent spontaneous abortions was more in consanguineous than nonconsanguineous marriages.\[[@ref37]\]

When both the partners confirmed normal karyotype, then some other factors, such as TORCH, uterine abnormalities, endocrine dysfunction, immunological factors or some others factors, are involved in recurrent pregnancy loss. Maternal infections with TORCH (virus) are considered as one of the risk factors for abnormal pregnancy outcome.\[[@ref38]\] In the present study, 41.76% (71/170) of females who were cytogenetically normal had two or more recurrent abortions with TORCH infections. TORCH agents cause recurrent miscarriage since it can cross the placental barrier. Surpam *et al*. commented upon the significantly positive incidence of TORCH group of infection in patients of bad obstetric history when compared with normal healthy controls.\[[@ref39]\] Recurrent miscarriages with normal karyotypes of both partners male and female, the conditions, such as uterine abnormalities or endocrine dysfunction or immunological disorders of the female partners, have been more likely to be associated with underlying recurrent pregnancy loss.
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RPL is a challenging reproductive problem. The results on chromosomal abnormalities in RPL provide information regarding the role of chromosomal anomalies in RPL and also the usefulness of cytogenetic investigation to rule out the possible genetic cause of recurrent pregnancy loss. The genetic counseling and appropriate patients management can be made easily and accurately. The cytogenetic analysis has been an essential tool for couples for predicting the success of reproductive options. However, further molecular studies need to be done for the assessment of the recurrent risk of miscarriages due to genetic anomalies or some other factors.
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